is incorporated into the oocyte cytoplasm following spermatozoon-egg membrane fusion, whereas during Purpose: Maximal fertilization rates following ICSI were ICSI a whole sperm cell is deposited into the oocyte. it has been suggested that the release of this factor plasma membrane has been removed or damaged (2).
There was enough evidence to support the hypothesis, 
activation of the human oocyte after ICSI is due to a
Outcome in four patient groups was measured by oocyte spermatozoon-associated oocyte-activating factor, and damage, fertilization rate, and pregnancy rate.
it has been suggested that the release of this factor plasma membrane has been removed or damaged (2) .
Conclusions: The results suggest that if the immobilization
Oocytes, either unfertilized or activated, do not contain of sperm and aspiration of oocyte cytoplasm are handled a factor which is able to remove the sperm plasma right during ICSI, this procedure can be expected to yield membrane (3) . Furthermore, decondensation of the a 90% fertilization rate. sperm nucleus is effected by the sperm nucleus decon-KEY WORDS: aspiration of oocyte cytoplasm; fertilization rates; densing-factor within the oocyte cytoplasm which is immobilization of sperm; intracytoplasmic sperm injection. not able to penetrate the intact sperm plasma membrane (4) . Thus, damage of the sperm membrane seems to be a prerequisite for both oocyte activation and male INTRODUCTION pronucleus formation following ICSI. Another factor taken into account is the degree of Intracytoplasmic sperm injection has become an estabaspiration of oocyte cytoplasm. Gearon et al. (5) and lished technique for treatment of severe male factor
Tesarik and Sousa (6) have reported that the mechaniinfertility. Although ICSI obtains high fertilization and cal disruption of the ooplasm alone, and the degree of pregnancy rates, the failure of fertilization still remains cytoplasmic aspiration, may enhance oocyte activation as high as 30%-40% in a successful ICSI program.
and subsequently increase the fertilization rate. The Operator experience is undoubtedly important for the cytoplasmic aspiration itself may provide a mechanical success, but other factors also exist.
stimulus to induce an important release of intracytoplasmic calcium stores (7).
rates were similar to conventional IVF, but have not nylpyrrolidone (PVP; Irvine Scientific, Santa, Ana, CA) solution. reached maximum. The aim of this paper is to report the importance of some technical parameters which could influence the outcome of ICSI in 42 attempts Oocyte Preparation with couples having severe male factor infertility and dysfunction of fertilization.
After oocyte retrieval, the oocytes were further incubated for 4 h. Immediately before micromanipuation, the cumulus-corona cells together with oocytes were replaced in an organ culture dish and digested in an MATERIALS AND METHODS HTF-HEPES-buffered medium (Irvine Scientific, Santa Ana, CA) containing 60 IU/ml of hyaluronidase (type VIII, Sigma, St Louis, MO) for no longer than Patients 30 s. The free cells were removed by aspiration of the Between December 1995 and December 1996, 42 complex cumulus-corona into and out of a glass pipette ICSI cycles were performed for couples in whom the with an inner diameter ranging between 180 and 220 male suffered severe male infertility or failure of fertilm. Each oocyte was washed three times in HTF ization in previous IVF cycles. The patient selection medium supplemented with 1% human serum albumin criteria for ICSI cycle with freshly ejaculated semen and then examined under the inverted microscope at included either failed or very low fertilization rates 200 ϫ magnification to assess integrity and maturation in the previous standard IVF cycle(s) or poor sperm stage. The latter was determined by the presence of the parameters as defined previously (8 tion pipette was 9.0 m and 7.0 m, respectively (Cook, K-MPIP-1020). The outer diameter of holding pipettes was 110 m and the corresponding inner Sperm Preparation diameter was 20 m (Cook, K-HPIP-1020). Prior to ICSI, 1 l of sperm suspension was diluted with 5 l The evaluation of sperm concentration and motility was carried out according to World Health Organizaof a 10% PVP solution in HTF-HEPES medium placed in the middle of the petri dish (Falcon type 3004). tion criteria (9) . Sperm morphology was determined using the strict Tygerberg criteria (10) . In cases of Each oocyte then was placed in a droplet of 5 l medium surrounding the central drop containing the severe oligoasthenoteratozoospermia, a modification of mini-swim-up method was used (11) to prepare the sperm suspension-PVP. HTF-HEPES medium supplemented with 1% human serum albumin was used in the spermatozoa. The whole ejaculate was centrifuged at 400g in a 10-ml falcon tube for 2 min and resuspended injection dish. The droplets were covered with mineral oil (Sigma, Oakville, Ontario, Canada). Up to four oocytes in 0.5 ml Human tubal fluid (HTF) medium (Irvine Scientific, Santa Ana, CA) with 1% human albumin were placed in the injection dish to avoid exposure to the HEPES-buffered medium longer than 10 min. serum (Bayer, Etobicoke, Ontario, Canada). After transfer to an Eppendorf tube, the preparation was
The procedure was carried out on the heated stage of Zeiss inverted microscope with Hoffman Modulation centrifuged, a second and third centrifugation for 2 min at 400g. Following these steps the supernatant Contrast Optics (Modulation Optics, Greenvale, NY).
The microscope was equipped with two motor-driven was removed and the pellet was coated with 10-20 l medium and incubated at 37ЊC for 1-3 h. When coarse control manipulators and two hydraulic micromanipulators (MM-188 and MO-109; Narishige, fewer than 50,000 spermatozoa were present in the ejaculate, sperm suspension was concentrated in 5 l Tokyo, Japan). The micropipettes were fitted to a tool holder controlled by two IM-6 microinjectors and transferred directly to the dish. Sperm was aspirated from the suspension and transferred into polyvi-(Narishige). The holding and injection systems were filled with light mineral oil. According to the states Assessment of Fertilization and Embryo Development of sperm used and treatment for oocyte activation, 42 consecutive ICSI cycles were retrospectively analyzed About 16-18 h after ICSI, the oocytes were in four groups.
observed under the inverted microscope for any sign In group A (14 ICSI attempts), sperm was immobiof damage that may have resulted from microinjection lized by touching the tail either at its "tip" or in the and for the presence of pronuclei and polar bodies. "midpiece" (standard immobilization method). After Fertilization was considered normal when two distinct holding the oocyte with the holding pipette and placing pronuclei with two polar bodies were present. On certhe polar body at the 12 or 6 o'clock position, the tain occasions one or three pronuclei were detected. injection pipette was brought into contact with the Twenty-four h after ICSI, cleavage was assessed and zona pellucida of the oocyte at 3 o'clock, and the the number and size of the blastomeres and the percentspermatozoon was moved to the tip of the injection age of anucleated fragments were recorded. A further evaluation of cleavage was performed after an addipipette until the spermatozoon touched the zona pullectional 24 h. Morphologically good quality embryos ida. Then the injection pipette was pushed through the were transferred into the uterine cavity ϳ72 h after zona pellucida at the equatorial level until the opposite the microinjection procedure. A maximum of three side of the oocyte was reached. The oocyte cytoplasm embryos were transferred to each woman within the was slightly aspirated into the pipette at about 20-30 groups, with a mean age of 34 years (range 26-42). m distance (slight aspiration). The cytoplasmic
The mean age of women in group A was 34 years, 35 organelles and the spermatozoon then were slowly years in group B, 36 years in group C, and 34 years pushed back into the cytoplasm.
in group D. In group B (8 ICSI attempts), the spermatozoon
Patients were subject to a serum ␤-HCG test 14 was forcefully immobilized. The spermatozoon was days after embryo transfer. Cycles in which the ␤-positioned perpendicular to the tip of the pipette and HCG concentration was elevated for a minimum of two was subsequently immobilized by rubbing its tail consecutive tests at 7-day intervals were considered as between the injection pipette and the bottom of the positive ␤-HCG pregnancy. Pregnancies which were Petri dish until a bend, looped, or convoluted tail was confirmed by the ultrasonic detection of a sac or a observed (hard-touching). The oocyte cytoplasm was fetal heart beat 28 days after embryo transfer were mildly aspirated not further than the border of the zona recorded as clinical pregnancy. pellucida (mild aspiration).
In group C (10 ICSI attempts), method of sperm Statistical Analysis immobilization was the same as in group B, oocyte cytoplasm was aspirated further than the border of the Outcome of ICSI in terms of fertilization and pregnancy rates in each group were analyzed with Pearson's zona pellucida (vigorous aspiration) (Fig. 1) .
2 test and Yates' correction when necessary. In group D (10 ICSI attempts), sperm immobilization was the same as groups B and C. Before expelling the immobilized spermatozoon, the oocyte cytoplasm was RESULTS aspirated until an outflow of cytoplasmic organelles and the spermatozoon appeared in the injection pipette Of 444 oocyte-cumulus cell complexes retrieved in (optimal aspiration) (Fig. 2) . The outflow of cytoplasm 42 ICSI cycles (mean 10.5 oocytes per cycle), 82.9% could occur either inside the border of the zona pellucida had extruded the first polar body, 13.5% were metaor beyond the border of the zona pellucida. After rephase I, and 1.4% had the germinal vesicle. Among injection of the cytoplasm and immobilized spermatothe 329 mature oocytes injected, 86% survived. Of 283 zoon, the injection pipette was withdrawn and the intact oocytes after ICSI, 68.2% showed two pronuclei, injected oocyte was released from the holding pipette.
3.5% one pronucleus, and 2.1% three pronuclei. One Independent of the injection procedure used, the hundred and four embryos were transferred in 42 selected spermatozoon was aspirated tail first into the cycles (mean number per transfer 2.4). Remaining tip of the injection pipette. The injected oocytes were good quality embryos (N ϭ 42) were cryopreserved then washed four times in fresh HFT culture medium, in 14 cycles. A positive HCG titre was detected in 10 placed in organ culture dishes, and incubated at an patients, in which a fetal heart beat was later detected. The overall pregnancy rate was 23.8%. atmosphere of 5% CO 2 . A comparison of the ICSI procedure following injecwas observed between group A (where standard immobilization of sperm into cytoplasm with slight cytotion of standard immobilization and hard-touching immobilization of sperm into cytoplasm with slight, plasmic aspiration was performed; 50% 39/76) and group B (where hard-touching method for immobilizamild, vigorous, and optimal aspiration of cytoplasm is summarized in Table I . Different rates of fertilization tion of sperm and mild oocyte cytoplasmic aspiration were used; 66%, 41/62), although no statistical differwere observed among the groups, each corresponding to a change in the ICSI procedure used. The first ences were found, most probably because of the limited sample size. When the same sperm immobilization increase in the percentage of two pronuclear oocytes method and vigorous cytoplasm aspiration was used (group C), there was no increase of normal fertilization rates between group B and group C (66% versus 63%). A dramatic increase in the fertilization rate to 90% (73/81) was noted (group D) when an immobilized sperm (hard-touching method) was injected into ooplasm after optimization of oocyte aspiration, i.e., the oocyte cytoplasm was aspirated until an outflow of cytoplasm was visualized (Table I) .
Independent of the semen categories, the fertilization rates corresponded to the changes in the ICSI procedure during the different time periods. The most remarkable increase was obtained when optimal aspi- (Table II) .
Oocyte cytoplasm was aspirated until an outflow of cytoplasm was visualized in the injection pipettes.
Oocyte damage dropped from 20%, 13.9%, 12.3%, and 8.9% in group A through group D, respectively, of oocyte cytoplasm (12) . This study focused on whether the two steps could maximize the fertilization over the four groups. Normal fertilization for each group was 50%, 65%, 62.5%, and 90.1%, respectively. after ICSI.
To ensure normal sperm decondensation, partial Pregnancy rate per transfer was 7.7%, 22.2%, 20.0%, and 50.0% respectively. There was a significant differsperm membrane damage prior to injection is required. However, when spermatozoa are immobilized in the ence between group D and other groups in terms of fertilization and pregnancy (P Ͻ 0.005). In addition, standard way and used for injection, they are less successful than those used with forceful immobilization a significant difference was not observed in the proportion of parthenogenetically activated oocytes and (13) . It has been established that ICSI with sperm immobilization yields higher fertilization rates (14,1,15) and oocytes displaying three pronuclei among the four groups. The mean proportion of single-pronuclear and that external mechanical pressure increases permeability (1). three-pronuclear oocytes was 3.5% and 2.1%, respectively. After 42 transfers (87.5%; 2. 4 
embryos per
This study demonstrated that a modified immobilization method enables spermatotozoa to achieve higher transfer, maximum of three embryos), a total 10 clinical pregnancies were established, corresponding to a pregfertilization rates than those obtained with standard immobilization methods (50% versus 65%, group A nancy rate of 23.8% per embryo transfer. and group B). This result is consistent with recent studies that have illustrated improved fertilization rates when a more extensive sperm tail disruption was per-DISCUSSION formed prior to ICSI (13) . This may promote membrane permeability and allow cytosolic sperm factors It has been a universal agreement that two essential steps determine the fate of fertilization following ICSI to access the oocyte and produce its activation (16). Tesarik et al. (7) showed that human oocytes undergo procedure, i.e., immobilization of sperm and aspiration oocyte aspiration combined with forceful immobilization of sperm was applied in group C, the fertilization In such a situation, the oocyte may fail to initiate the biochemical process necessary for oocyte activation rates remained similar to the former group (group B). It appears that the degree of oocyte cytoplasmic aspira-(7). Furthermore, during oocyte activation, ooplasmic factors, such as thiol-reducing agents (17,18,19), are tion was not related to the enhancement of fertilization. Maximum fertilization (90%) was only achieved via involved directly in the process of sperm chromatin decondensation. Immobilization of the spermatozoon the optimal aspiration of oocyte cytoplasm (the oocyte cytoplasm was aspirated until an outflow of cytoplasm by hard touching of its tail may initiate oocyte activation, while factors released from oocyte cytoplasm may was visualized), combined with the hard-touching sperm method. This data are in agreement with those lead to sperm chromatin decondensation.
In this study, after using the modified immobilizaobtained by Gearon et al. (5) and Tesarik and Sousa (21) , who reported that the mechanical disruption of tion method and mild oocyte cytoplasm aspiration, a significant proportion of the oocytes still remained at the ooplasm alone may increase the activation of the oocytes. Consequently, there was an increase in the metaphase II stage (35%). It seems that damage of the sperm membrane alone could not maximize fertilizafertilization rate. It appears that improvement of the ICSI technique tion rates after ICSI. Flaherty et al. (20) , Tesarik and Sousa (21) , and Ma and Ho Yuen (22) proposed that was the result of this success. Different hypothetical reasons may explain this success, for example an abilthe failure of oocyte activation is the main cause of fertilization failure after ICSI. Flaherty et al. (20) ity to undergo cytoplasmic maturation with optimal oocyte aspiration via alteration of maturation promotshowed that the oocyte contained a swollen sperm head which was arrested at various stages of decondening factor (MPF) level, a release of cytosolic factors from the damage of sperm membrane with forceful sation, indicating that the oocyte had failed to activate and complete the second meiotic division. The data immobilization of the sperm tail, or an ability of the oocytes to exhibit multiple Ca 2ϩ oscillations resulting from the literature demonstrated that 11% (from 3% to 23%) of unfertilized oocytes contained prematurely from the two crucial steps used in ICSI. The molecular mechanisms involved in the effect of damage of sperm condensed human sperm chromosomes after ICSI (22) , which is a sign of immaturity of oocyte cytoplasm membrane and optimal oocyte aspiration for this enhanced fertilization rates need further investigation. (23) . It seems that the absence of oocyte activation in ICSI may be due to an inability of the oocyte to undergo
In conclusion, although immobilization of sperm by "hard"-touching of the tail with the pipette is mandacytoplasmic maturation or an inability of the oocytes to exhibit multiple Ca 2ϩ oscillation after microinjectory for enhancing fertilization, cytoplasm aspiration for oocyte activation is another crucial step. If these tion (7, 23) .
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